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1 ?? 
1.1 ????????????? 
?????????????????????????????????????
??????????????????????????????????????
??Scheme 1?????? 1979?????????1)??????????????
??????? 
 
Scheme 1  The First Suzuki-Miyaura Coupling Reaction by Emeritus Prof. Suzuki 
????????????? 1991-2000??? 500??? 2001-2010???? 7000
?2????????????2010????????????????? ??????
??????????????????????????????????????
?????????3)? 
?????????????????????????????????????
????????????????????????????? Losartan (Merck) (?
?????)?Discodermolide (Novartis) (????)?Crizotinib (Pfizer) (??????)
????????????????????????????4)(Figure 1)? 
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Figure 1  Industrial Application of Suzuki-Miyaura Coupling Reactions 
?????????????????????????????????????
???????????????????? Scheme 2????? 1987??????
??????? Palytoxin ???????????????????????????
???????????????????????????????????5)??
??????????????????????????????????????
??????????????????????????????6)? 
 
Scheme 2  Application of Suzuki-Miyaura Coupling Reaction for Palytoxin Synthesis 
?????????????????????????????????????
???????????????????????????????????????
????????????????????  
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1.2 ??? 
????????????????????????????????????
??????????????????????????????????????
?????? Fu ???? t-?????????????????????????
???????????(Figure 2)???????????7)???? Buchwald???
????????????????????????????(Figure 3)?????
??????????????????????? 
 
Figure 2  Phosphine Ligands Reported by Fu 
?? Buchwald?? Figure 3????????????????????????
?????8)?????????????????????????????????
??????????????????????????????????????
?????????(?)??? 10 kg??????????????????????
????9)? 
 
Figure 3  Structure Activity Correlation of Buchwald’s Ligands 
???????????????????????sp3-sp3???????????
??????????????????????????????????????
????????????????????????????????????? 
R1: ??????????????????? 
R2: ???????????????????
????????? 
R3: ?????????????????? 
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?????????????????????????????????????
???????????????????????????(NHC)???? Nolan10)?
Organ11)???????????????????????12)(Figure 4)? 
 
Figure 4  Examples of NHC Ligands  
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Nolan?????????????????(?)?????? 10 kg???????
??????Organ????????????(?)????????????????
???????????????????13)??????????????????
?????(PEPSI™-IPr 14,300?/ g?Aldrich????? 2014? 8???)? 
?? Najera?Susanto????????????????????????14)(Figure 
5)?????????????????????????????????????
??4??????????????????? 
 
Figure 5  Examples of Oxime Ligands 
?????????????????????????????????????
??????????????????????????????????????
?????????????15)????????????????????????
??????????????????????????????(Figure 6)????
??????????????????????????????????????
???????????????16)? 
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Figure 6  Applications of Hydrazone Ligands  
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?????????????????????????????????????
1,4-???????[2.2.2]????(DABCO)???????????????????
?(DAPCy)????????????????????????????(Figure 
7)17,18,19)? 
 
Figure 7  Examples of Simple Amine Ligand 
?????????????????????????????????????
?????????????????????????????? 
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1.3 ???? 
?????????????????????????????????????
??????????????????????????ICH Q3D(????????
??????? ???????????????)????????????????
????????????????(Table 1)? 
Table 1 ??????? (ICH Q3D Guideline)[a] 
Metal Oral drug (µg/g = ppm) 
Pd 10 
Rh 10 
Ru 10 
Ni 20 
Pt 100 
Cu 300 
Fe[b] 1000 
[a] As of Aug, 2014. (Step4, Draft) (Oral Drug, Case 1: Defined daily uptake of drug product is 10 g.) 
[b] Defined by ICH Q6A (0.10%). 
?????????????????????????????????????
??????????????????????????????????????
?????????????????????????ICH Q3D???????? 10 
ppm????????????????????????????????????
???????????????????????????????????????
????????2,4,6-????????????(TMT)?????????????
???????????????????????????????????????
??????????????????????????????????????
?????????????  
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??? Scheme 3? Pfizer? Li???? COX-II inhibitors???????????
??????????????????????????????????????
??? 2100 ppm ??????????????????????????????
????????????????????????????2-???????? 2
?3??????????????????????????????? 10 ppm??
????????20)? 
 
 
Scheme 3  Example of Palladium Removal from Product (1) 
????????????? potent antagonist of D3/D2/5-HT2 receptors??????
??????????????????????? 2000?3000 ppm ???????
????????????????????????????? DIAION?????
?????????????? 100?300 ppm????????? DTTA?????
?? 35 ppm ????????????????????????????????
????????????(Scheme 4)21)? 
?Et3N??? 2-PrOH?? 2?3????????? 
Pd? 2100 ppm ?? 10 ppm?????? 
10 
 
 
Scheme 4  Example of Palladium Removal from Product (2) 
?????????????????? ppm ????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????22)?????23)???24)???????????????
??????????????????25)??26)??27)?????????????
??????? 
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??? 10?20 mol%???????????????????????? Gurung
???? 2 mol%??????????????????????????????
??????????????????????(Scheme 5)28)? 
I
B
O
O
R1
R2
aryl or heteroaryl
aryl or heteroaryl
CuI (2 mol%)
PN-2 (2 mol%)
CsF
DMF / dioxane (1:1)
120 oC, 24-48 h
R2
R1
P(tBu)2
NMe2
PN-2
 
Scheme 5  Example of Suzuki-Miyaura Coupling Reaction Using Cu Catalyst 
?????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????
(Scheme 6)23b)? 
 
Scheme 6  Example of Suzuki-Miyaura Coupling Reaction Using Fe Catalyst 
?????????????????????????????????????
?????????????????? 
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1.4 ??????????? 
??????????????????????????????????Figure 
8????????????????????1970????????????????
?????????????????????????????????????1990
????????????????? 
 
Figure 8  Coupling Partners Used for Palladium Catalyzed Suzuki-Miyaura 
Coupling Reaction 
??????????????????????????(???????, ??, ?
????)??????????????????????????????????
???????????????????????????????????????
????????????29)??????????30)???????????????
??????????????????????????????????p-????
???????????????????????????????????????
???????????????????????????????????????
?????????????????31,32)??????30d,33,34)???????????
?? 
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?????????????????????????????????????
??(Figure 9)????????????????????????????????
???????????????????????????????????????
???35)?????36)?????????????????????????????
??????????????????????????????37)????????
???35a,35g,38)???????36a-c,39)???????36a,40)???????41)??????
???????????????????????????????????????
???????????????????????????????????????
????? 
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Figure 9  Coupling Partners used for Nickel Catalyzed Suzuki-Miyaura Coupling 
Reaction 
?????????????????????????????????????
??????????????????????????????????????
????????? 
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1.5 ???? 
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????2?????????????????
? 2?? ??????????????????????????????????
??????????????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????
? 3?? ??????????????????????????????????
????????????????43) 
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
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??????????????????????????????????????
??????????????????????????????????
?????????????????????????????????????
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2 ??????????????????????????????
?????????????????????? 
2.1 ?? 
?????????????????????????????????????
?????????????????????????????????????1)?
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????2)??????????????????
??????????????????????????????????????
????????????????Ni3,4), Ru5), and Pd2,6,7,8,9,10)???????????
????????? 1)? 
????????????????????????????????????
? Figure 1???????????????(ex.17a), 27c) and 37d))??????????
?????????????????????????????2 ????????
?????????????????????????? 7a,7c-d)? 
 
Figure 1 Ligands for Suzuki-Miyaura Coupling Reaction of Aryl Tosylate 
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?????????????????????????????????????
????????????????11,12)????????????(NHC)??13,14,15)?
???????16)??????17)??????????18)????????????
????????????????????????????????? Figure 1?
?? NHC-Pd(II)-Im(4)???? Shao?19)????????????????????
??????????????(NHC)?????????????????????
???????? 110?130 °C?24??????????????????????
???????? DAPCy(5)11a)????????????? 611b)??Figure 2????
??????????????????????????????????????
?????????????????????????????? 2???????
??????????????????????????????????????
??????????? 
 
Figure 2 Palladium Complexes with Amine Ligands for Suzuki-Miyaura Coupling 
Reaction 
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2.2 ????? 
???2????????????? 4-?????????????(7)? 4-???
?????????(8)?????????????????????????(2.5 
mol%)?????????????(3 equiv.)?2????(500 mol%)???? 2-???
???(0.33 M)?N2???80 °C?2??????????????????????
92%????????????(Table 1, Entry 1)?????????? 250 mol%??
???????????? t-?????????????????????????
?????????????????????(Entries 2-4)??????? 2????
???????????N-?????????N-?????????N-??????
???????????N-????????? 80%???????????????
?????? 53%???????????N-?????????N-????????
?? N-??????????????????(Entries 5-10)? 
???? 2????????????????????????????????
??(Entries 11 and 12)?????????? n-????????N-????????
??(Entries 13 and 14)??????????????????? DAPCy11a)?????
?????????????????????? 19%??????????????
??????????????????????????? 0??????????
????????????????????????N-?????????????
??????????????????????????????????????
?????????????????????????? 
?????????????????????????????????????
??????????????????????????????????????
?????????????????? 
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Table 1 Optimization of Amine for Amine-Palladium Catalyzed Suzuki-Miyaura 
Coupling of Aryl Tosylate 
OTs
(HO)2BO
OMe
OMe
O
+
Pd(OAc)2 / Amine
K3PO4, 2-PrOH
80 oC, 2 h
7 8 9a  
Entry Amine Yield of 9a (%)[a] 
1 Morpholine 92 
2 Morpholine 60[b] 
3 Morpholine 66[c] 
4 Morpholine 57[d] 
5 Thiomorpholine 53 
6 N-Methylpiperazine 80 
7 N-Methylpiperazine 69[c] 
8 N-Methylpiperazine 66[d] 
9 N-Ethylpiperazine 73 
10 N-Phenylpiperazine 72 
11 Piperidine 62 
12 Pyrrolidine 58 
13 Di-n-propylamine 39 
14 N-Methylbenzylamine 27 
15 Dicyclohexylamine 19 
Reaction conditions: 4-Acetylphenyl tosylate (7) (0.5 mmol), 4-methoxyphenylboronic acid (8) (0.6 mmol), 
Pd(OAc)2 (2.5 mol%), amine (2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 2 h under N2. [a] 
NMR yield (piperonal was used as standard). [b] 250 mol% of morpholine was used. [c] t-Butyl alcohol was used 
as a solvent. [d] MeCN was used as a solvent. 
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2.3 ???????????? 
??????????????????????????????????? 92%
??????????????????????????????????????
67%???????????(Table 2, Entries 1-3)????????????????
??????????????????????????????????????
??????????(Pd(OAc)2)??????????(PdCl2)??????????
??????(Pd(acac)2)??????????????(Pd(tfa)2)? 2????????
???????????(Entries 6-8)??????????????????????
????(Pd2(dba)3)?? 1%??????????????????????(Entry 9)?
???? 2???????????? 2??????????????? 0????
??????????? 0???? Pd2(dba)3(Entry 9)???2???????????
??????????????????????????????????????
????? 1 mol%???????? 55%????????????????????
???????? 38%????????(Entries 4 and 5)????? 0???????
??????? 1 mol%???????????????? 0???????????
???????????? 
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Table 2 Study of Palladium-Catalyst for Morpholine-Palladium Catalyzed 
Suzuki-Miyaura Coupling of Aryl Tosylate 
 
Entry Pd catalyst Yield of 9a (%)[a] 
1 Pd(OAc)2 92 
2 Pd(OAc)2 26[b] 
3 Pd(OAc)2 67[c] 
4 Pd(OAc)2 55[d] 
5 Pd(OAc)2 38[e] 
6 PdCl2 89 
7 Pd(acac)2 80 
8 Pd(tfa)2 71 
9 Pd2(dba)3 1 
Reaction conditions: 4-Acetylphenyl tosylate (7) (0.5 mmol), 4-methoxyphenylboronic acid (8) (0.6 mmol), Pd 
catalyst (2.5 mol%), morpholine (2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 2 h under N2. 
[a] NMR yield (piperonal was used as standard). [b] Na3PO4 was used as a base. [c] K2CO3 was used as a base. 
[d] 1.0 mol% of Pd(OAc)2 was used. [e] Reaction was carried out in air for 14 h. 
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2.4 ??????? 
?????????????????????????????(Table 3 and Table 
4)?4-?????????????? 4-?????????????????? 2 ?
????? 9a????? 88%??????????????? 1.03 equiv.?????
?? 87%????????????????????????1-?????????
????? 2???? 9b? 62%??????????????14???? 75%??
??????????????????????????????????????
?????????????????????????????????? 9d-9f?9h?
9i?9k?9l????????????????? 9c?9g?9j???? 2??????
???????????????? 
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Table 3  Scope and Limitation of Morpholine-Pd(OAc)2 Catalyst System for 
Suzuki-Miyaura Coupling of Aryl Tosylate (1) 
Reaction conditions: Aryl tosylate (0.5 mmol), arylboronic acid (0.6 mmol), Pd(OAc)2 (2.5 mol%), morpholine 
(2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 14 h under N2. [a] Reaction time was 2 h. [b] 
1.03 equiv. of arylboronic acid was used. [c] NMR yield (piperonal was used as standard). 
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??????????????????????????????? 9m?9n??
???9o ??????????????????????????9p ??????
??????????????????????????9q???????????
??????????????????????????????????????
?????????? 9r???????????????????????????
??????????????????????????????????????
?????????????????????????????????9s?9t??
?? 2 ????????????????????????????? 9u ????
?????????????????????????? 9v???????????
??????????????20)?????????? 9w ???????????
???????9x?????????6????????????????????
????????????? 5????????????????? 9y??????
??????????? 6??????????????????????????
??????? 9z????????? 
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Table 4  Scope and Limitation of Morpholine-Pd(OAc)2 Catalyst System for 
Suzuki-Miyaura Coupling of Aryl Tosylate (2) 
Reaction conditions: Aryl tosylate (0.5 mmol), arylboronic acid (0.6 mmol), Pd(OAc)2 (2.5 mol%), morpholine 
(2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 14 h under N2. [a] t-Butyl alcohol was used as a 
solvent. 
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2.5 ????????????? 
?????????????????????????????????????
??????????????????????????????????????
? 2.5 mol%?? 5 mol%???????????????????????????
??(Table 5, Entries 2 and 3)???????? 2-?????????? t-??????
??????????????????????????????????????
??????????????????????????????????????
??????????????????(Entry 4)? 
Table 5  Study of Coupling Partners for Morpholine-Palladium Catalyzed 
Suzuki-Miyaura Coupling of Arylboronic Acid 
 
Entry X Yield of 9a (%)[a] 
1 OTs 92 
2 OMs 56[b-d] 
3 OTf 80[c,d] 
4 Cl 93 
Reaction conditions: Aryl coupling partner (0.5 mmol), 4-methoxyphenylboronic acid (8) (0.6 mmol), Pd(OAc)2 
(2.5 mol%), morpholine (2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 2 h under N2. [a] NMR 
yield (piperonal was used as standard). [b] t-Butyl alcohol was used as a solvent. [c] 5 mol% of Pd(OAc)2 was 
used for reaction. [d] Reaction was carried out for 14 h. 
?????????????????????????????????????
??????????????????????????????????????
????????????????????????????????(Table 6)? 
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Table 6  Scope and Limitation of Morpholine-Pd(OAc)2 Catalyst System for 
Suzuki-Miyaura Coupling of Aryl Mesylate 
Reaction conditions: Aryl mesylate (0.5 mmol), arylboronic acid (0.6 mmol), Pd(OAc)2 (5 mol%), morpholine 
(2.5 mmol), K3PO4 (1.5 mmol), t-butyl alcohol (1.5 mL) at 80 °C for 14 h under N2. [a] NMR yield (piperonal 
was used as standard). 
??????????????????????????????????? 2?
??????????????????????????????????????
??????????????????????????????????????
?????????????????????(Table 7)? 
Table 7  The Scope and Limitation of Morpholine-Pd(OAc)2 Catalyst System for 
Suzuki-Miyaura Coupling of Aryl Chloride 
+
Pd(OAc)2 / Morpholine
K3PO4, 2-PrOH
80 oC, 14 h
Cl B(OH)2
R1 R2
R1
R2
N
9ab-50% 9ac-41%
MeO
OMeO
9s-74%
O
9c-38%
OMe
Reaction conditions: Aryl chloride (0.5 mmol), arylboronic acid (0.6 mmol), Pd(OAc)2 (5 mol%), morpholine 
(2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 14 h under N2.  
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2.6 ???? 
???????????????Scheme 7??????????????????
????????10???????? X??????????? Figure 3????
?????????????????????????????????21)????
???????????????????? DAPCy ??????????????
?? 
 
Scheme 7 Synthesis of Morpholine-Pd(OAc)2 Complex 10 
 
Figure 3  ORTEP Drawing of Morpholine-Pd(OAc)2 Complex 10 (Solvent molecules 
(H2O) are omitted for clarity.) 
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?????? Table 2???????????????????????????
??????????????????????????????????????
??????22)???????? 10 ?????????????????????
(Table 8, Entry 1)???????????????????(Entry 2)????????
???????????????????????(Entry 3)???????????
????? 10????????????????????????????????
??????????????????? 11(Scheme 8)??????????23)?
Table 8, Entry 1???????????????????????????????
???? 
Table 8 Study of the Active Species of Morpholine-Pd(OAc)2 Catalyst System 
 
Entry Catalyst Morpholine (equiv.) Yield of 9a (%)[a] 
1 10 0 7 
2 10 2.5 82 
3 Pd(OAc)2 2.5 60 
Reaction conditions: 4-Acetylphenyl tosylate (7) (0.5 mmol), 4-methoxyphenylboronic acid (8) (0.6 mmol), Pd 
catalyst (2.5 mol%), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 2 h under N2. [a] NMR yield (piperonal 
was used as standard). 
 
Scheme 8 Plausible Active Species of Morpholine-Pd(OAc)2 with 2-PrOH 
??????????????? 10?????Scheme 9???????????
??????????????????????????????????????
???????? 0???? A????????????????????????
36 
 
??????????????????????????????????????
??????????????? B??????????????????? C??
??????? C??? 1??????????? D??????????????
????????????????????????????????????? 0
???? A ???????????????????????24????A?D ??
?? 3?????????????????????? Table 8?????????
?????????????????????10 ? HRMS chart ???? 10 (m/z 
399.0735 [M + H]+)????????????(Exact Mass: 87.0684)????????
???m/z 486.1428 [M + C4H9NO + H]+)????????????????????? 
Scheme 9  Plausible Mechanism of Suzuki-Miyaura Coupling Using 
Morpholine-Pd(OAc)2 Catalyst System  
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2.7 ??? 
?????????????????????????????????????
??????????????????????????????????????
??????????????????? 40)??????????????????
??????????????????????????????????????
??????????????????????????????????????
?????? 
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2.8 ???? 
???? 
???????? (Yamato Melting Point Apparatus model MP-21) 
1H NMR? 300 MHz (BRUKER DPX300), 400 MHz (JEOL JNM-AL400) (???????
????????) 
13C NMR? 75 MHz (BRUKER DPX300), 100 MHz (JEOL JNM-AL400), 150 MHz (Bruker 
AVANCE III 600) (???????????????) 
Mass spectra? Electronic impact (EI) (GC/MS) (Shimadzu GCMS-QP5050A) 
High-resolution mass spectra (HRMS)?  Electrospray ionization (ESI) (Thermo Fisher 
Exactive) 
???????????? (Table 3 and Table 4) 
?????(1.0 mmol)?p-??????????????(1.05 mmol)???????(1.1 
mmol)???????(10 mL)???????????5?24????????????
????2M ???????????????????2%????????????
??????????????????????????????????????
???????????????????????????? 
5-p-Toluenesulfonoxy-1-indanone (Table 3, reaction material for 9o) 
5-?????-1-?????(10 mmol)?p-??????????????(10.5 mmol)?
??????(11 mmol)???????(7.5 mL)???????????5?24????
????????????2M ?????????????????????2%??
??????????????????????????????????????
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???2.88 g(9.53 mmol, 95%)?5-p-?????????-1-????????????
???? 
m.p. 118-119 °C. 
1H NMR (400 MHz, CDCl3) δ: 7.74 (d, J = 7.9 Hz, 2H), 7.66 (d, J = 8.3 Hz, 1H), 7.34 (d, J = 
7.9 Hz, 2H), 7.25 (s, 1H), 6.91-6.88 (m, 1H), 3.12 (t, J = 5.4 Hz, 2H), 2.73-2.69 (m, 2H), 2.47 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 205.2, 156.9, 154.3, 145.8, 135.6, 132.1, 129.9, 128.4, 
125.1, 121.7, 120.6, 36.3, 25.7, 21.7. 
HRMS (ESI) calcd for C16H15O4S [M + H]+ 303.0686, found 303.0675. 
?????????????????????????????????????
?????????????? (Table 3 and Table 4) 
?????????(0.5 mmol)????????(1.5 mmol)????????(12.5 μmol)?
????????(0.6 mmol)?2-??????(1.5 mL)????????(2.5 mmol)??
????????????? 80 °C ??????2?14 ?????????????
???? 2M ???????(for entry 9k?9l?9o and 9x)?????????????
?????????????????????????????????. ????
??????????????????????????????????????
?????????????????? 
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1-(4’-Methoxylbiphenyl-4-yl)ethanone (Table 3, 9a)25) 
88% as a white solid; m.p. 152-153 °C 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 
8.8 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H), 2.64 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 197.7, 159.9, 145.3, 135.2, 132.2, 128.9, 128.3, 126.5, 114.3, 55.3, 26.6 
MS (EI) m/z 226 [M]+. 
2-(4’-Ethanoylphenyl)naphthalene (Table 3, 9b)26) 
75% as a white solid; m.p. 103-104 °C 
1H NMR (400 MHz, CDCl3) δ: 8.11 (d, J = 8.6 Hz, 2H), 7.96-7.89 (m, 2H), 7.86 (d, J = 9.0 
Hz, 1H), 7.62 (d, J = 8.6 Hz, 2H), 7.58-7.50 (m, 2H), 7.50-7.42 (m, 2H), 2.70 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 197.8, 145.8, 139.0, 136.0, 133.8, 131.2, 130.3, 128.4, 128.34, 
128.32, 126.9, 126.4, 126.0, 125.5, 125.3, 26.7 
MS (EI) m/z 246 [M]+. 
1-(2’-Methylbiphenyl-4-yl)ethanone (Table 3, 9c)27) 
54% as a pale yellow oil. 
1H NMR (400 MHz, CDCl3) δ: 7.99 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.30-7.19 
(m, 4H), 2.63 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.8, 146.9, 140.7, 135.5, 
135.1, 130.5, 129.44, 129.41, 128.2, 127.9, 125.9, 26.6, 20.4 
MS (EI) m/z 210 [M]+. 
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1-(3’-Methylbiphenyl-4-yl)ethanone (Table 3, 9d)28) 
90% as a white solid; m.p. 90-91 °C 
1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.48-7.34 
(m, 3H), 7.26-7.21 (m, 1H), 2.65 (s, 3H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.7, 
145.9, 139.8, 138.5, 135.7, 128.9, 128.8x2, 128.0, 127.2, 124.3, 26.6, 21.5 
MS (EI) m/z 210 [M]+. 
1-(4’-Methylbiphenyl-4-yl)ethanone (Table 3, 9e)29) 
87% as a white solid; m.p. 118-119 °C 
1H NMR (400 MHz, CDCl3) δ: 8.03 (d, J = 8.6 Hz, 2H), 7.68 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 
7.4 Hz, 2H), 7.29 (d, J = 7.4 Hz, 2H), 2.64 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 197.7, 145.6, 138.2, 136.9, 135.5, 129.6, 128.8, 127.0, 126.9, 26.6, 21.1 
MS (EI) m/z 210 [M]+. 
1-(Biphenyl-4-yl)ethanone (Table 3, 9f)30) 
80% as a white solid; m.p. 118-119 °C 
1H NMR (400 MHz, CDCl3) δ: 8.05 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 
7.1 Hz, 2H), 7.49 (t, J = 7.3 Hz, 2H), 7.40 (t, J = 7.1 Hz, 1H), 2.66 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 197.7, 145.8, 139.9, 135.8, 128.92, 128.88, 128.2, 127.24, 127.19, 26.6 
MS (EI) m/z 196 [M]+. 
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1-(2’,4’-Dimethoxylbiphenyl-4-yl)ethanone (Table 3, 9g) 
59% as a white solid; m.p. 97-98 °C 
1H NMR (400 MHz, CDCl3) δ: 7.99 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 
8.3 Hz, 1H), 6.62-6.57 (m, 2H), 3.87 (s, 3H), 3.82 (s, 3H), 2.63 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 197.8, 160.9, 157.5, 143.4, 134.9, 131.2, 129.4, 128.0, 122.1, 104.8, 98.9, 55.4, 
55.3, 26.5 
HRMS (ESI) calcd for C16H16O3Na [M + Na]+ 279.0992, found 279.0987. 
1-[3’,4’-(Methylenedioxy)biphenyl-4-yl]ethanone (Table 3, 9h)31) 
98% as a white solid; m.p. 132-133 °C 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.15-7.11 
(m, 2H), 6.92 (d, J = 7.6 Hz, 1H), 6.04 (s, 2H), 2.64 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
197.8, 148.3, 147.9, 145.4, 135.4, 134.0, 128.9, 126.8, 121.0, 108.7, 107.5, 101.3, 26.6 
MS (EI) m/z 240 [M]+. 
1-(4’-tert-Butylbiphenyl-4-yl)ethanone (Table 3, 9i) 
77% as as a white solid; m.p. 128-129 °C 
1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J = 8.1 Hz, 2H), 7.71 (d, J = 8.1 Hz, 2H), 7.60 (d, J = 
7.5 Hz, 2H), 7.52 (d, J = 7.5 Hz, 2H), 2.65 (s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) 
δ: 197.7, 151.4, 145.5, 136.8, 135.5, 128.9, 126.92, 126.86, 125.9, 34.6, 31.3, 26.6 
HRMS (ESI) calcd for C18H21O [M + H]+ 253.1587, found 253.1580. 
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1-(4’-(N-tert-Butylcarbamate)biphenyl-4-yl)ethanone (Table 3, 9k) 
74% as a white solid; m.p. 183-184 °C 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 
8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 6.63 (br-s, 1H), 2.64 (s, 3H), 1.55 (s, 9H); 13C NMR 
(150 MHz, CDCl3) δ: 197.8, 152.6, 145.2, 138.6, 135.5, 134.3, 128.9, 127.8, 126.7, 118.8, 
80.8, 28.3, 26.6 
HRMS (ESI) calcd for C19H21O3NNa [M + Na]+ 334.1414, found 334.1407. 
1-(3’-(N-tert-Butylcarbamate)biphenyl-4-yl)ethanone (Table 3, 9l) 
73% as a white solid; m.p. 150-151 °C 
1H NMR (400 MHz, CDCl3) δ: 8.02 (d, J = 8.1 Hz, 2H), 7.75 (s, 1H), 7.69 (d, J = 8.1 Hz, 2H), 
7.39 (t, J = 7.1 Hz, 1H), 7.36-7.28 (m, 2H), 6.63 (br-s, 1H), 2.65 (s, 3H), 1.54 (s, 9H); 13C 
NMR (150 MHz, CDCl3) δ: 197.9, 152.8, 145.5, 140.8, 139.1, 136.0, 129.5, 128.9, 127.3, 
121.9, 118.3, 117.3, 80.7, 28.4, 26.7 
HRMS (ESI) calcd for C19H21O3NNa [M + Na]+ 334.1414, found 334.1404. 
1-(4’-Fluorobiphenyl-4-yl)ethanone (Table 4, 9m)32) 
82% as a white solid; m.p. 103-104 °C 
1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J = 8.1 Hz, 2H), 7.58-7.67 (m, 4H), 7.17 (t, J = 8.1 Hz, 
2H), 2.65 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.6, 162.9 (d, JF-C = 248.0 Hz), 144.6, 
135.9 (d, JF-C = 4.1 Hz), 135.8, 128.91, 128.86 (d, JF-C = 8.3 Hz), 127.0, 115.8 (d, JF-C = 21.6 
Hz), 26.6 
MS (EI) m/z 214 [M]+. 
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1-(3’,4’-Difluorobiphenyl-4-yl)ethanone (Table 4, 9n) 
83% as a white solid; m.p. 75-76 °C 
1H NMR (400 MHz, CDCl3) δ: 8.02 (d, J = 6.6 Hz, 2H), 7.60 (d, J = 6.6 Hz, 2H), 7.45-7.37 
(m, 1H), 7.37-7.30 (m, 1H), 7.30-7.19 (m, 1H), 2.62 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 
197.6, 151.4 (dd, JF-C = 13.5 and 18.8 Hz), 149.7 (dd, JF-C = 13.5 and 19.5 Hz), 143.6, 137.0 
(dd, JF-C = 4.5 and 6.8 Hz), 136.3, 129.1, 127.1, 123.3 (dd, JF-C = 3.0 and 6.0 Hz), 117.8 (d, 
JF-C = 16.5 Hz), 116.3 (d, JF-C = 16.5 Hz), 26.7 
HRMS (ESI) calcd for C14H11OF2 [M + H]+ 233.0772, found 233.0775. 
5-(4-Acetylphenyl)-2-methoxypyridine (Table 4, 9o) 
77% as a white solid; m.p. 108-109 °C 
1H NMR (400 MHz, CDCl3) δ: 8.44 (d, J = 2.0 Hz, 1H), 8.04 (d, J = 8.7 Hz, 2H), 7.83 (dd, J = 
2.6 and 8.7 Hz, 1H), 7.63 (d, J = 8.7 Hz, 2H), 6.85 (d, J = 8.1 Hz, 1H), 4.00 (s, 3H), 2.64 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 197.5, 164.2, 145.3, 142.5, 137.3, 135.8, 129.1, 128.7, 
126.6, 111.1, 53.7, 26.6 
HRMS (ESI) calcd for C14H14NO2 [M + H]+ 228.1019, found 228.1017. 
1-Methoxy(4’-tert-butylphenyl-4-yl)benzene (Table 4, 9r)26) 
20% as a white solid; m.p. 136-137 °C 
1H NMR (400 MHz, CDCl3) δ: 7.59-7.50 (m, 4H), 7.50-7.45 (m, 2H), 7.00 (d, J = 9.0 Hz, 2H), 
3.87 (s, 3H), 1.39 (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 158.9, 149.6, 137.9, 133.6, 128.0, 
126.4, 125.6, 114.1, 55.3, 34.5, 31.4 
MS (EI) m/z 240 [M]+.  
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1-(4’-Methoxybiphenyl-2-yl)ethanone (Table 4, 9s)33) 
54% as a pale yellow oil 
1H NMR (400 MHz, CDCl3) δ: 7.53-51 (m, 1H), 7.49-46 (m, 1H), 7.39-36 (m, 2H), 7.26 (d, J 
= 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H), 2.02 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 205.2, 159.5, 140.9, 140.1, 133.0, 130.6, 130.1, 129.9, 127.7, 127.0, 114.1, 55.3, 
30.4 
MS (EI) m/z 226 [M]+. 
1-(4’-Methoxybiphenyl-3-yl)ethanone (Table 4, 9t)34) 
59% as a white solid; m.p. 57-58 °C 
1H NMR (400 MHz, CDCl3) δ: 8.15 (s, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.75 (d, J = 7.3 Hz, 1H), 
7.57 (d, J = 8.7 Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 3.88 (s, 3H), 2.67 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 198.1, 159.5, 141.2, 137.6, 132.6, 131.2, 128.9, 128.2, 
126.5, 126.4, 114.3, 55.3, 26.7 
MS (EI) m/z 226 [M]+. 
2-(4’-Methoxyphenyl)naphthalene (Table 4, 9u)35) 
83% as a white solid; m.p. 130-131 °C 
1H NMR (400 MHz, CDCl3) δ: 8.04 (s, 1H), 7.96-7.88 (m, 3H), 7.77 (d, J = 8.6 Hz, 1H), 7.71 
(d, J = 8.6 Hz, 2H), 7.57-7.48 (m, 2H), 7.07 (d, J = 9.0 Hz, 2H), 3.91 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 159.2, 138.1, 133.7, 133.6, 132.3, 128.4, 128.3, 128.0, 127.6, 126.2, 125.6, 
125.4, 125.0, 114.3, 55.3 
MS (EI) m/z 234 [M]+. 
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1-Fluoro(4’-methoxyphenyl-4-yl)benzene (Table 4, 9v)36) 
52% as a white solid; m.p. 90-91 °C 
1H NMR (400 MHz, CDCl3) δ: 7.56-7.46 (m, 4H), 7.16-7.09 (m, 2H), 7.02-6.97 (m, 2H), 3.87 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 162.1 (d, JF-C = 245.5 Hz), 159.1, 136.9 (d, JF-C = 3.3 
Hz), 132.8, 128.2 (d, JF-C = 8.3 Hz), 128.0, 115.5 (d, JF-C = 20.7 Hz), 114.2, 55.3 
MS (EI) m/z 202 [M]+. 
5-(4-Methoxyphenyl)-2,3-dihydroindene-1-one (Table 4, 9w)20) 
71% as a white solid; m.p. 153-154 °C 
1H NMR (400 MHz, CDCl3) δ: 7.80 (d, J = 8.0 Hz, 1H), 7.63 (s, 1H), 7.62-7.53 (m, 3H), 7.01 
(d, J = 8.0 Hz, 2H), 3.87 (s, 3H), 3.18 (t, J = 6.3 Hz, 2H), 2.76-2.70 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ: 206.5, 160.0, 155.9, 147.2, 135.4, 132.5, 128.6, 126.2, 124.4, 124.0, 114.4, 
55.4, 36.5, 25.8 
MS (EI) m/z 238 [M]+. 
6-(4-Methoxyphenyl)quinoline (Table 4, 9x)37) 
61% as a white solid; m.p. 108-109 °C 
1H NMR (400 MHz, CDCl3) δ: 8.91 (dd, J =1.7 and 4.1 Hz, 1H), 8.24-8.15 (m, 2H), 7.99-7.91 
(m, 2H), 7.65 (d, J = 8.8 Hz, 2H), 7.43-7.37 (m, 1H), 7.03 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ: 159.5, 149.8, 147.1, 138.9, 136.3, 132.6, 129.5, 129.1, 128.5, 
128.4, 124.5, 121.3, 114.4, 55.3 
MS (EI) m/z 235 [M]+. 
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General Procedure for The Study of Coupling Partner for Morpholine-Palladium 
Catalyzed Suzuki-Miyaura Coupling of Aryl Boronic Acid. (Table 5) 
???????????(0.5 mmol)????????(1.5 mmol)????????(12.5 
μmol)?????????(0.6 mmol)?2-??????(1.5 mL)????????(2.5 
mmol)??????????????? 80 °C??????2?14?????????
???????? 2M ????????????????????????????
????????????????????. ?????????????????
??????????????????????????????NMR ?????
??? 
?????????????????????????????????????
?????????????? (Table 6) 
????????? (0.5 mmol)????????(1.5 mmol)????????(12.5 
μmol)?????????(0.6 mmol)?2-??????(1.5 mL)????????(2.5 
mmol)??????????????? 80 °C??????2?14?????????
???????? 2M ????????????????????????????
????????????????????. ?????????????????
??????????????????????????????????????
????? 
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2-(4’-Ethanoylphenyl)naphthalene (Table 6, 9b)27) 
59% as a white solid; m.p. 102-103 °C 
1H NMR (400 MHz, CDCl3) δ: 8.11 (d, J = 8.1 Hz, 2H), 7.95-7.91 (m, 2H), 7.87 (d, J = 8.5 
Hz, 1H), 7.62 (d, J = 8.1 Hz, 2H), 7.58-7.53 (m, 2H), 7.52-7.46 (m, 2H), 2.71 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 197.8, 145.7, 139.0, 135.9, 133.7, 131.1, 130.3, 128.38, 128.33x2, 
126.9, 126.3, 126.0, 125.5, 125.3, 26.7 
MS (EI) m/z 246 [M]+. 
1-[3’,4’-(Methylenedioxy)biphenyl-4-yl]ethanone (Table 6, 9h)32) 
57% as a white solid; m.p. 133-134 °C 
1H NMR (400 MHz, CDCl3) δ: 8.00 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.13-7.09 
(m, 2H), 6.91 (d, J = 7.7 Hz, 1H), 6.02 (s, 2H), 2.63 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
197.6, 148.3, 147.9, 145.4, 135.5, 134.0, 128.9, 126.8, 121.0, 108.7, 107.6, 101.3, 26.6 
MS (EI) m/z 240 [M]+. 
1-Fluoro-[3’,4’-(methylenedioxy)phenyl-4-yl]benzene (Table 6, 9aa)38) 
53% as a white solid; m.p. 57-58 °C 
1H NMR (400 MHz, CDCl3) δ: 7.49-7.45 (m, 2H), 7.13-7.08 (m, 2H), 7.02-7.00 (m, 2H), 6.88 
(d, J = 8.1 Hz, 1H), 6.01 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 162.2 (d, JF-C = 245.5 Hz), 
148.1, 147.0, 137.1 (d, JF-C = 3.3 Hz), 134.6, 128.4 (d, JF-C = 8.3 Hz), 120.5, 115.5 (d, JF-C = 
21.6 Hz), 108.6, 107.6, 101.2 
MS (EI) m/z 216 [M]+. 
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?????????????????????????????????????
?????????????? (Table 7) 
?????????(0.5 mmol)????????(1.5 mmol)????????(12.5 μmol)?
????????(0.6 mmol)?2-??????(1.5 mL)????????(2.5 mmol)??
????????????? 80 °C ??????2?14 ?????????????
??????????????????????????????????????
?????????????. ????????????????????????
???????????????????????????????????? 
1-(2’-Methylbiphenyl-4-yl)ethanone (Table 7, 9c)27) 
38% as a pale yellow oil. 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 7.6 Hz, 2H), 7.42 (d, J = 7.6 Hz, 2H), 7.31-7.20 
(m, 4H), 2.64 (s, 3H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.8, 147.0, 140.7, 135.6, 
135.1, 130.5, 129.5, 129.4, 128.2, 127.9, 125.9, 26.6, 20.3 
MS (EI) m/z 210 [M]+. 
1-(4’-Methoxybiphenyl-2-yl)ethanone (Table 7, 9s)33) 
74% as a pale yellow oil 
1H NMR (400 MHz, CDCl3) δ: 7.53-7.51 (m, 1H), 7.49-7.46 (m, 1H), 7.37 (t, J = 6.8 Hz, 2H), 
7.26 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 2.01 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 205.1, 159.5, 140.9, 140.1, 133.0, 130.6, 130.1, 130.0, 127.8, 127.0, 114.1, 
55.3, 30.4 
MS (EI) m/z 226 [M]+. 
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2-(4-Methoxyphenyl)pyridine (Table 7, 9ab)39) 
50% as a white solid; m.p. 53-54 °C 
1H NMR (400 MHz, CDCl3) δ: 8.66 (ddd, J = 1.0, 2.0 and 4.6 Hz, 1H), 8.02-7.91 (m, 2H), 
7.72-7.64 (m, 2H), 7.22-7.11 (m, 1H), 7.00 (d, J = 9.0 Hz, 2H), 3.86 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 160.4, 157.1, 149.5, 136.6, 132.0, 128.1, 121.3, 119.7, 114.1, 55.3 
MS (EI) m/z 185 [M]+. 
1-Methoxy(4’-methyl-4-yl)benzene (Table 7, 9ac)40) 
41% as a white solid; m.p. 107-108 °C 
1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 
7.8 Hz, 2H), 7.00 (d, J = 7.8 Hz, 2H), 3.87 (s, 3H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 158.9, 137.9, 136.3, 133.7, 129.4, 127.9, 126.5, 114.1, 55.3, 21.0 
MS (EI) m/z 198 [M]+. 
??????????????? 10???? (Scheme 7 and Figure 3)21,41) 
??????? (1.0 mmol)??????(2.0 mmol)?2-??????(10 mL)????
???80 °C?2???????????13???????????????????
??107.0 mg(0.246 mmol, 25%)?10??????????? 
m.p. 140-142 °C (decomposed) 
1H NMR (300 MHz, DMSO) δ: 5.60-5.53 (m, 2H), 3.58-3.38 (m, 8H), 2.79-2.64 (m, 8H), 1.82 
(s, 6H); 13C NMR (75 MHz, DMSO) δ: 177.7, 65.9, 48.6, 24.0 
HRMS (ESI) calcd for C12H25O6N2Pd [M + H]+ 399.0742, found 399.0734. 
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3 ??????????????????????????????
???????????????????? 
3.1 ?? 
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????2014? 8??? ICH Q3D:(?? EU??????????? 
???????????????) (Step 4, draft)????????????? 10 ppm
???????????? 
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????(e.g. ???????  $10,125/mol, ??????  $107/mol 
Sigma-Aldrich 2014? 5??????????)?????????????????
???????????????????????????[1,1'-??(??????
????)?????]????(II)?????(NiCl2(dppf))?????????????
??? n-?????????????????1)????????????????
???????????????????2,3)??????????????????
?????????????????????????(NiCl2(PPh3)2)???? Percec
???? 1,2-??(??????????)????????????(NiCl2(dppe))??
??????????????????????????????????????
????????????????????????4,5)???? Zhao ??????
?????????? 1,2-??(??????????)?????????????
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(NiCl2(dppp))???????6)?1 mol%?????????????????????
??7)(Figure 1)? 
 
Figure 1  NiCl2 Complexes with P-Based Ligands for Suzuki-Miyaura Coupling 
Reactions 
???????????????????/1,4-???????????????
???/1??????????????????????????????????
?????? 8 )??????????? (1,5-?????????? )????
(Ni(COD)2)/??????????????(PCy3)??????????(1,5-????
??????)?????????????????????????9,10)???
Ni(II)/(σ-aryl) complexes11)???????????????12)???????????
??????????????????????????????????????
???????????13,14,15,16)? 
?????????????????????????????????????
??????????????????????????????????????
??????????17)???????????????????????????
????????????? Leadbeater????????????????????
?????????????????????(Figure 2)18)? 
?????????????????/N,N,N’,N’-??????????????
(TMEDA)???????(Figure 2)???????????????????????
??????????????????????????????????????
??????????????????????????(1,5-??????????)
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????/N-???????????????????????????????(1,5-
??????????)????????????????????????????
?????19)? 
 
Figure 2  Nickel Complexes with Amine Ligands for Suzuki-Miyaura Coupling 
Reaction 
???Fu???????????????????????????9-BBN (BBN = 
9-Borabicyclo[3,3,1]nonyl)???????????????????????????2
???????????????????????????????20)? 
 
Figure 3  Amine Ligands for Suzuki-Miyaura Coupling Reaction by Fu 
????????????????????????????????????
??????????????????????????????????????
?????????????????2???????????0?????????
??????????????????????????????????????
??????????????????????????????????????
?????????????ICH Q3D?????????????????????
?(20 ppm)?????????????????????????????????
??????????????????????????????????????
??? 
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3.2 ???????? 
?????????????????????????????????????
(Ni(acac)2)????????(Ni(OH)2)?????????(NiSO4)?????????
???????(Table 1, Entries 1-3)????????? 4???(Ni(OAc)2·4H2O)??
?????(NiCl2)????????? 6 ???(NiCl2·6H2O)???????????
??????????? 5 mol%??????? 89%???????????????
5%???????????????????(Entries 5-7)? 
Table 1  Screening of Nickel Catalysts for Amine-Nickel Catalyzed Suzuki-Miyaura 
Coupling of Aryl Chloride 
 
Entry Ni Catalyst Yield of 3a (%)[a] 
1 Ni(acac)2 0 
2 Ni(OH)2 1 
3 NiSO4 6 
4 Ni(OAc)2·4H2O 82 
5[b] NiCl2 99 
6[c] NiCl2 89 
7[d] NiCl2 5 
8 NiCl2·6H2O (99.999%) 92 
9 NiCl2·6H2O (98.0%) 89 
10 none 0 
Reaction conditions: 4-Acetylphenyl chloride (0.5 mmol), 4-methoxyphenylboronic acid (0.6 mmol), Ni catalyst 
(10 mol%), morpholine (2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C for 14 h under N2. [a] 
NMR yield (piperonal was used as standard). [b] Reaction was carried out for 5 h. [c] 5 mol% of NiCl2 was used. 
[d] Reaction was carried out in air for 14 h. 
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?????????????????????????????? 6 ???
(NiCl2·6H2O)????(99.999%)? 98.0%? 2 ??????????????????
???????????????????????????????(Entries 8 and 9)?
???????????????????????????(Entry 10)???????
??????????????????????? 
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3.3 ?????? 
????????????2-??????(2-PrOH)?????????(DME)??
???????????????(Table 2, Entries 1 and 2)????????(MeCN)?
?????????????????(Entries 3 and 4)?2-????????????
(2-MeTHF)????????????????????? N-????????(NMP)
???????????(Entries 5 and 6)??? 2-??????????????? 2
???????????????? 1.03 eq???????????????????
??(Entries 7 and 8)???????????????? 2?????????46%?
2-?????????????????????(Entry 9)????? 2-??????
????????? 
Table 2  Screening of Solvents for Amine-Nickel Catalyzed Suzuki-Miyaura 
Coupling of Aryl Chloride 
 
Entry Solvent Time (h) Yield of 3a (%)[a] 
1 2-PrOH 5  99  
2 DME 5  99  
3 MeCN 14  89  
4 Toluene 14  72  
5 NMP 14  45  
6 2-MeTHF 14  59  
7  2-PrOH 2  85  
8[b] 2-PrOH 5 88 
9 DME 2 46 
Reaction conditions: 4-Acetylphenyl chloride (0.5 mmol), 4-methoxyphenylboronic acid (0.6 mmol), NiCl2 (10 
mol%), morpholine (2.5 mmol), K3PO4 (1.5 mmol), solvent (1.5 mL) at 80 °C under N2. [a] NMR yield 
(piperonal was used as standard). [b] 1.03 equiv. of 4-methoxyphenylboronic acid was used. 
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3.4 ????? 
?????????????????????(Table 3, Entry 1)?????????
??????N-????????????????????????????????
2??????????????????????????????(Entry 2)????
??????????? 2????????????? 71%?88%????????
?????(Entries 3 and 4)?Fu????????????????????????
??????????????????????????????????????5
???????????????????????????????????? 20a)?
??????????????? 2,6 ?????????? 2,6-?????????
????????????3,5?????????? 3,5-?????????????
??????????(Entries 5 and 6)? 
?????????????? N-?????????????????????
?????(Entry 7)?????????????????????????????
??????????????????????????????????????
????????(Entry 8)????????? n-????????????????
??????????????(Entries 9 and 10)?2????? N,N’-????????
??????????????????(Entry 11)????????????????
?????????????? 0???????????????????????
??????????????????????????????????????
??????????????????(Entries 12 and 13)????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????(Entries 14 and 15)??????????????
??????????????????????????????????????
??????(Entry 16)???????????????????????????
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(Entry 17)???????? Figure 2???? Leadbeater? 18)???????????
?????????????????????????????????(Entry 18)?
????? 3????????????????????????????????
???????????/N,N,N’,N’-??????????????(TMEDA)????
?????? 2 ???????????????(NiCl2(tmeda)??????????
????)??????????????????????????????????
?? 19a)???????????????????? 
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Table 3  Screening of Amines for Suzuki-Miyaura Coupling Using Amine-Nickel 
Catalyst 
 
Entry Amine Base Yield of 3a (%)[a] 
1 Morpholine K3PO4 99 
2[b] N-Methylmorpholine K3PO4 7 
3[b] Piperidine K3PO4 71 
4[b] Pyrrolidine K3PO4 88 
5[b] 2,6-Dimethylpiperidine K3PO4 0 
6[b] 3,5-Dimethylmorpholine K3PO4 57 
7[b] N-Methylpiperazine K3PO4 80 
8[b] Thiomorpholine K3PO4 0 
9[b] Di-n-propylamine K3PO4 14 
10[b] Diisopropylylamine K3PO4 11 
11[b] N,N’-Dimethylethylenediamine K3PO4 0 
12[b] Morpholine K2CO3 66 
13[b] Morpholine Na3PO4 46 
14 Morpholine K3PO4[c] 75 
15 Morpholine[d] K3PO4 57 
16[e] Morpholine[d] K3PO4 94 
17 None K3PO4 12 
18 Triethylamine K3PO4 11 
Reaction conditions: 4-Acetylphenyl chloride (0.5 mmol), 4-methoxyphenylboronic acid (0.6 mmol), NiCl2 (10 
mol%), amine (2.5 mmol), base (1.5 mmol), 2-propanol (1.5 mL) at 80 °C under N2 for 5 h. [a] NMR yield 
(piperonal was used as standard). [b] Reaction was carried out for 14 h. [c] 1.5 equiv. of base was used. [d] 2.5 
equiv. of amine was used. [e] 0.75 mL of 2-propanol was used. 
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3.5 ??????? 
?????????????????????????????????(Table 4)?
??????????????????????????????????????
?????????????????? 3a?3c-e????????????? 2??
??????? 3b ?????????????????????????????
??????????????????? 3f??????????????????
????????????????????? 3g????????????????
??????????????????????? 78%?????????????
???????????????????????????? 72?????????
??? 3h?3i????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????? 3j??????????????????
14h?? 34%????? 3k???????? NHBoc??????????????
? 3l??????????????????????????? 3????????
???????(3m)?2?????? 3n????????????????????
????????????? 3o????????????????????????
??????????????????????????????????????
?????????? 
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Table 4  Scope and Limitation of Morpholine-NiCl2 Catalyst System for 
Suzuki-Miyaura Coupling of Aryl Chloride 
+
NiCl2 / Morpholine
K3PO4, 2-PrOH
80 oC, 14 h
OMe
O 3a-92%[a] O 3b-20% O
O
CN
O O
O MeO
MeO
F3C
OMe
NC
OMe NHBoc
OMe
O
OMeO
3c-91%
3d-79% 3e-83% 3f-N.R.
3g-59%
-78%[b]
3h-32% 3i-51%
[c]
-46%[b][d]
3j-75% 3l-87%3k-34%
3m-63% 3n-36%
Ar-Cl Ar-Ar
3o-trace
OMe
Ar-B(OH)2
O
Reaction conditions: Aryl chloride (0.5 mmol), arylboronic acid (0.6 mmol), NiCl2 (10 mol%), morpholine (2.5 
mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C under N2 for 14 h. [a] Reaction was carried out for 5 h. 
[b] Aryl bromide was used. [c] Reaction was carried out for 72 h. [d] NMR yield (piperonal was used as 
standard). 
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???????????????????????(Table 5)??????????
??????????????????????????????????????
4a-e ?????????????????? 3 ??4 ??????????????
?????????????????????? 4f-m???????????????
2?????????4n???????????????????????????
??????????????????????????????????????
????????????????????????????? 4o????????
??????????????????????????????????????
???????????????????? 
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Table 5  Scope and Limitation of Morpholine-NiCl2 Catalyst System for 
Suzuki-Miyaura Coupling of Heteroaryl Chloride 
Reaction conditions: Heteroaryl chloride (0.5 mmol), arylboronic acid (0.6 mmol), NiCl2 (10 mol%), morpholine 
(2.5 mmol), K3PO4 (1.5 mmol), 2-propanol (1.5 mL) at 80 °C under N2 for 14 h. 
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3.6 ???????? 
???ICP?AES(????????????????)?????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????? Zhao???????? 7)???
? Scheme 10???????????????????? 2???????????
???????? 3???????? 10 mmol??? 3.5 mmol??????????
? 96%?????????????????????? 9.7 ppm(???)??????
???????? 3???????? 3.5 mmol???????? 2????????
????????????????????????? 33.3 ppm????? 
Scheme 10  Study of Residual Nickel in the Coupled Product 
????????????? 1 mol%????????????????????
????? 10 mol%?????????????????????????????
ICH Q3D?????(Step 4, draft)??????? 20 ppm?????????????
??????????????????????????????????????
?????????????????????????????????????(?
?????????????: n.d. (detect limit: 2.2 ppm)??????: 5.2 ppm)? 
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3.7 ???? 
?????????????????????????????????????
????????????????????????????? 20?40 mol%????
2-?????????????? 80°C?????????????????????
????? 4-????????????????????????????????
????????(Scheme 11)????? 30?40 mol%?? 81%?79%???????
??????????????20 mol%?? 65%????????????????
????????????????????????????? 3????????
??????????? 
Scheme 11  Coupling Reaction Using Catalytic Amount of Morpholine 
????????? 2???????????????????????????
???????????????????????(Scheme 12)??????????
??????????? A21)?????????????????????????
?? 0???? B??????????????????????????????
?????????????Scheme 11????????????????? 3??
???????? 0???? B????????????????????????
?????????????? C??????????????????? D???
???????????????????? E?????????????????
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??????????????? 0???? B?????????????????
?????? 19b,c)??????????A??????????? 21)????????
??????????????????????????????????????
????????????????????????? 10(? 2? Figure 3)????
?????????????????????? 2???????????????
????? 
 
Scheme 12  Plausible Mechanism of Suzuki-Miyaura Coupling Using 
Morpholine-NiCl2 Catalyst System 
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3.8 ??? 
?????????????????????????????????????
??????????????????????????????????????
? 2????????????????????????????????????
??????????????????????????????????????
?????????????????? ICH Q3D????(20 ppm)????????
????????????? 
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????(???????: 1,033,000?/mol????????????: 7,000
?/mol)?????????????????????????????(?????
?: 14,000?/mol??????: 1000?/mol)????????????????????
???500????100 kg(200 mol)????????????????(2 mol%)???
?????????(4 mol%)???(???????: 4,130,000?/mol????????
????: 56,000?/mol)??????????????????????????(?
?????: 280,000?/mol??????523,000?/mol)??????????????
??????????????????2015?1????1000????????? 
?????????????????????????????????????
????????????? 
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3.9 ???? 
???? 
???????? (Yamato Melting Point Apparatus model MP-21) 
1H NMR? 300 MHz (BRUKER DPX300), 400 MHz (JEOL JNM-AL400) (???????
????????) 
13C NMR? 75 MHz (BRUKER DPX300), 100 MHz (JEOL JNM-AL400), 150 MHz (Bruker 
AVANCE III 600) (???????????????) 
Mass spectra? Electronic impact (EI) (GC/MS) (Shimadzu GCMS-QP5050A) 
High-resolution mass spectra (HRMS)?  Electrospray ionization (ESI) (Thermo Fisher 
Exactive) 
??Ni?ICP?AES(????????????????) (PERKIN ELMER ICP Optima 
5300 DV) 
?????????????????????????????????????
????????????? (Table 4 and Table 5) 
?????????(0.5 mmol)????????(1.5 mmol)??????????(50 
μmol)?????????(0.6 mmol)?2-??????(1.5 mL)????????(2.5 
mmol)???????????????80 °C??????14????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????? 
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1-(4’-Methoxylbiphenyl-4-yl)ethanone (Table 4, 3a)22) 
92% as a white solid; m.p. 153-154 °C 
1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.3 Hz, 2H), 7.65 (d, J = 8.3 Hz, 2H), 7.58 (d, J = 
8.9 Hz, 2H), 7.01 (d, J = 8.9 Hz, 2H), 3.87 (s, 3H), 2.63 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 197.7, 159.9, 145.3, 135.2, 132.2, 128.9, 128.3, 126.5, 114.3, 55.3, 26.6 
MS (EI) m/z 226 [M]+. 
1-(2’-Methylbiphenyl-4-yl)ethanone (Table 4, 3b)22) 
20% as pale yellow oil 
1H NMR (400 MHz, CDCl3) δ: 8.03 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 7.32-7.22 
(m, 4H), 2.66 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.8, 146.9, 140.7, 135.6, 
135.1, 130.5, 129.47, 129.43, 128.2, 127.9, 125.9, 26.6, 20.4 
MS (EI) m/z 210 [M]+ 
1-(3’-Methylbiphenyl-4-yl)ethanone (Table 4, 3c)22) 
91% as a white solid; m.p. 92-93 °C 
1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J = 8.3 Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.50-7.34 
(m, 3H), 7.26-7.21 (m, 1H), 2.65 (s, 3H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.6, 
145.8, 139.7, 138.5, 135.7, 128.9, 128.77x2, 127.9, 127.1, 124.3, 26.5, 21.4 
MS (EI) m/z 210 [M]+. 
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1-(4’-Methylbiphenyl-4-yl)ethanone (Table 4, 3d)22) 
79% as a white solid; m.p. 117-118 °C 
1H NMR (400 MHz, CDCl3) δ: 8.03 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 
7.7 Hz, 2H), 7.29 (d, J = 7.7 Hz, 2H), 2.64 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 197.7, 145.6, 138.2, 136.8, 135.5, 129.6, 128.8, 127.0, 126.9, 26.6, 21.1 
MS (EI) m/z 210 [M]+. 
1-(4’-Cyanobiphenyl-4-yl)ethanone (Table 4, 3e)23) 
83% as a white solid; m.p. 115-116 °C 
1H NMR (400 MHz, CDCl3) δ: 8.07 (d, J = 8.5 Hz, 2H), 7.78-7.63 (m, 6H), 2.66 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 197.4, 144.2, 143.4, 136.8, 132.7, 129.0, 127.8, 127.4, 118.6, 
111.8, 26.7 
MS (EI) m/z 221 [M]+. 
(E)-4-Acetylstilbene (Table 4, 3g from 4’-chloroacetophenone)24) 
59% as a white solid; m.p. 141-142 °C 
1H NMR (400 MHz, CDCl3) δ: 7.96 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 8.6 Hz, 2H), 7.56 (d, J = 
7.6 Hz, 2H), 7.40 (t, J = 7.3 Hz, 2H), 7.33-7.30 (m, 1H), 7.24 (d, J = 16.5 Hz, 1H), 7.14 (d, J = 
16.5 Hz, 1H), 2.62 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.4, 142.0, 136.7, 135.9, 131.4, 
128.83, 128.76, 128.3, 127.4, 126.8, 126.5, 26.6 
MS (EI) m/z 222 [M]+. 
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(E)-4-Acetylstilbene (Table 4, 3g from 4’-bromoacetophenone)24) 
78% as a white solid; m.p. 141-142 °C 
1H NMR (400 MHz, CDCl3) δ: 7.96 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 
7.8 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.33-7.30 (m, 1H), 7.24 (d, J = 16.0 Hz, 1H), 7.14 (d, J = 
16.0 Hz, 1H), 2.62 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.4, 142.0, 136.6, 135.9, 131.4, 
128.82, 128.75, 128.3, 127.4, 126.8, 126.4, 26.6 
MS (EI) m/z 222 [M]+. 
1-Methoxy(4’-tert-butylphenyl-4-yl)benzene (Table 4, 3h)22) 
32% as a white solid; m.p. 136-137 °C 
1H NMR (400 MHz, CDCl3) δ: 7.62-7.53 (m, 4H), 7.53-7.48 (m, 2H), 7.02 (d, J = 7.3 Hz, 2H), 
3.89 (s, 3H), 1.42 (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 158.9, 149.6, 137.9, 133.6, 128.0, 
126.3, 125.6, 114.1, 55.3, 34.4, 31.4 
MS (EI) m/z 240 [M]+. 
1-Methoxy(4’-methyl-4-yl)benzene (Table 4, 3i)25) 
51% as a white solid; m.p. 107-108 °C 
1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 7.8 Hz, 2H), 7.26 (d, J = 
8.5 Hz, 2H), 7.00 (d, J = 7.8 Hz, 2H), 3.87 (s, 3H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 158.9, 137.9, 136.3, 133.7, 129.4, 127.9, 126.5, 114.1, 55.3, 21.0 
MS (EI) m/z 198 [M]+. 
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1-Trifluoromethyl(4’-methoxy-4-yl)benzene (Table 4, 3j)26) 
75% as a white solid; m.p. 122-123 °C 
1H NMR (400 MHz, CDCl3) δ: 7.70-7.64 (m, 4H), 7.56 (d, J = 7.9 Hz, 2H), 7.02 (d, J = 9.0 
Hz, 2H), 3.88 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 159.9, 144.3, 132.2, 128.7 (q, JF-C = 33 
Hz), 128.4, 126.9, 125.7 (q, JF-C = 3 Hz), 124.4 (q, JF-C = 225 Hz), 114.4, 55.4 
MS (EI) m/z 252 [M]+. 
1-Cyano(4’-methoxy-4-yl)benzene (Table 4, 3k)27) 
34% as a white solid; m.p. 101-102 °C 
1H NMR (400 MHz, CDCl3) δ: 7.69 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 
8.3 Hz, 2H), 7.01 (d, J = 8.3 Hz, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 160.2, 
145.1, 132.5, 131.4, 128.3, 127.0, 119.0, 114.5, 110.0, 55.3 
MS (EI) m/z 209 [M]+. 
2-(3’-(N-tert-Butylcarbamate)phenyl)naphthalene (Table 4, 3l) 
87% as a white solid; m.p. 176-177 °C 
1H NMR (400 MHz, CDCl3) δ: 8.06-8.04 (m, 1H), 7.92-7.84 (m, 3H), 7.78 (s, 1H), 7.75 (dd, J 
= 2.0 and 8.5 Hz, 1H), 7.54-7.46 (m, 2H), 7.43-7.34 (m, 3H), 6.61 (br-s, 1H), 1.57 (s, 9H); 13C 
NMR (100 MHz, CDCl3) δ: 152.8, 142.0, 138.9, 138.2, 133.6, 132.7, 129.4x2, 128.3, 128.2, 
127.6, 126.2, 125.93, 125.85, 125.6, 122.2, 117.5, 80.6, 28.4 
HRMS (ESI) calcd for C21H21O2NNa [M + Na]+ 342.1465, found 342.1453. 
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1-(4’-Methoxybiphenyl-3-yl)ethanone (Table 4, 3m)22) 
63% as a white solid; m.p. 57-58 °C 
1H NMR (400 MHz, CDCl3) δ: 8.15 (s, 1H), 7.89 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 7.4 Hz, 1H), 
7.57 (d, J = 8.8 Hz, 2H), 7.51 (t, J = 7.8 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H), 2.66 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 198.1, 159.5, 141.2, 137.5, 132.5, 131.2, 128.9, 128.1, 
126.5, 126.3, 114.3, 55.3, 26.7 
MS (EI) m/z 226 [M]+. 
1-(4’-Methoxybiphenyl-2-yl)ethanone (Table 4, 3n)22) 
36% as a pale yellow oil 
1H NMR (400 MHz, CDCl3) δ: 7.54-50 (m, 1H), 7.49-7.45 (m, 1H), 7.41-7.33 (m, 2H), 7.26 
(d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 2.01 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 205.2, 159.5, 140.8, 140.0, 132.9, 130.6, 130.1, 129.9, 127.7, 127.0, 114.1, 55.2, 
30.4  
MS (EI) m/z 226 [M]+. 
6-(4’-Methoxyphenyl)quinoline (Table 5, 4a)28) 
78% as a white solid; m.p. 113-114 °C 
1H NMR (400 MHz, CDCl3) δ: 8.90 (dd, J = 1.7 and 4.4 Hz, 1H), 8.21-8.14 (m, 2H), 
7.99-7.94 (m, 2H), 7.67 (d, J = 8.8 Hz, 2H), 7.44-7.40 (m, 1H), 7.04 (d, J = 1.0 Hz, 2H), 3.89 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.5, 150.1, 147.4, 138.9, 136.1, 132.7, 129.8, 129.0, 
128.51, 128.47, 124.6, 121.4, 114.4, 55.4 
MS (EI) m/z 235 [M]+. 
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6-[3’,4’-(Methylenedioxy)phenyl]quinoline (Table 5, 4b) 
81% as a white solid; m.p. 105-106 °C 
1H NMR (400 MHz, CDCl3) δ: 8.90-8.87 (m, 1H), 8.14 (d, J = 8.3 Hz, 2H), 7.91-7.86 (m, 2H), 
7.41-7.35 (m, 1H), 7.18-7.13 (m, 2H), 6.93-6.89 (m, 1H), 6.01 (s, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 150.1, 148.2, 147.4, 147.4, 138.9, 136.0, 134.5, 129.7, 129.0, 128.4, 124.8, 121.4, 
121.0, 108.6, 107.7, 101.2 
HRMS (ESI) calcd for C16H12O2N [M + H]+ 250.0863, found 250.0857. 
6-(4’-Methylphenyl)quinoline (Table 5, 4c)28) 
92% as a white solid; m.p. 106-107 °C 
1H NMR (400 MHz, CDCl3) δ: 8.93 (dd, J = 1.7 and 4.4 Hz, 1H), 8.23-8.19 (m, 2H), 
8.01-7.97 (m, 2H), 7.63 (d, J = 8.3 Hz, 2H), 7.45-7.39 (m, 1H), 7.32 (d, J = 8.1 Hz, 2H), 2.44 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 150.0, 147.4, 139.2, 137.6, 137.3, 136.3, 129.7, 129.6, 
129.2, 128.5, 127.2, 125.0, 121.3, 21.1 
MS (EI) m/z 219 [M]+. 
6-(6’-Methoxypyridine-3-yl)quinoline (Table 5, 4d)29) 
72% as a white solid; m.p. 75-76 °C 
1H NMR (400 MHz, CDCl3) δ: 8.94 (dd, 1.7 and 4.2 Hz, 1H), 8.53 (d, J = 2.7 Hz, 1H), 
8.24-8.17 (m, 2H), 7.96-7.90 (m, 3H), 7.45 (dd, J = 4.4 and 8.3 Hz, 1H), 6.89 (d, J = 8.6 Hz, 
1H), 4.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 163.8, 150.3, 147.5, 145.3, 137.5, 136.0, 
135.9, 130.1, 129.1, 128.5, 128.4, 124.7, 121.5, 110.9, 53.5 
MS (EI) m/z 236 [M]+. 
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6-(4’-Cyanophenyl)quinoline (Table 5, 4e) 
71% as a white solid; m.p. 144-145 °C 
1H NMR (400 MHz, CDCl3) δ: 8.98 (dd, J = 1.5 and 4.2 Hz, 1H), 8.31-8.37 (m, 2H), 
8.08-8.01 (m, 1H), 7.97 (dd, J = 2.0 and 8.3 Hz, 1H), 7.88-7.76 (m, 4H), 7.49 (dd, J = 4.1 and 
8.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 151.1, 148.0, 144.7, 137.2, 136.3, 132.8, 130.4, 
128.5, 128.3, 128.0, 126.3, 121.8, 118.7, 111.4 
HRMS (ESI) calcd for C16H11N2 [M + H]+ 231.0917, found 231.0909. 
3-(4’-Methoxyphenyl)-pyridine (Table 5, 4f)30) 
71% as a white solid; m.p. 60-61 °C 
1H NMR (400 MHz, CDCl3) δ: 8.83-8.81 (m, 1H), 8.54 (dd, J = 1.7 and 4.9 Hz, 1H), 
7.83-7.79 (m, 1H), 7.51 (d, J = 9.0 Hz, 2H), 7.34-7.29 (m, 1H), 7.00 (d, J = 9.0 Hz, 2H), 3.84 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.7, 147.7, 147.6, 136.1, 133.8, 130.1, 128.1, 123.4, 
114.4, 55.2 
MS (EI) m/z 185 [M]+. 
3-(4’-Methylphenyl)pyridine (Table 5, 4g)28) 
91% as a white solid; m.p. 41-42 °C 
1H NMR (400 MHz, CDCl3) δ: 8.86-8.84 (m, 1H), 8.58 (dd, J = 1.6 and 4.8 Hz, 1H), 
7.89-7.84 (m, 1H), 7.49 (d, J = 7.0 Hz, 2H), 7.38-7.34 (m, 1H), 7.30 (d, J = 8.1 Hz, 2H), 2.42 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 148.2, 148.1, 138.0, 136.5, 134.9, 134.1, 129.8, 126.9, 
123.5, 21.1 
MS (EI) m/z 169 [M]+. 
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3-[3’,4’-(Methylenedioxy)phenyl]pyridine (Table 5, 4h)31) 
98% as a white solid; m.p. 91-92 °C 
1H NMR (400 MHz, CDCl3) δ: 8.78-8.76 (m, 1H), 8.54 (dd, J = 1.6 and 4.8 Hz, 1H), 
7.80-7.75 (m, 1H), 7.33-7.30 (m, 1H), 7.05-7.02 (m, 2H), 6.90-6.88 (m, 1H), 6.00 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 148.3, 148.0, 147.9, 147.7, 136.3, 133.9, 131.9, 123.4, 120.7, 
108.8, 107.4, 101.3 
MS (EI) m/z 199 [M]+. 
3-[3’-(N-tert-Butylcarbamate)phenyl]pyridine (Table 5, 4i) 
89% as a white solid; m.p. 111-112 °C 
1H NMR (400 MHz, CDCl3) δ: 8.90-8.82 (m, 1H), 8.60 (dd, J = 1.7 and 4.9 Hz, 1H), 
7.95-7.80 (m, 1H), 7.70 (br-s, 1H), 7.47-7.31 (m, 4H), 7.25-7.20 (m, 1H), 1.53 (s, 9H); 13C 
NMR (100 MHz, CDCl3) δ: 152.9, 148.3, 148.0, 139.4, 138.5, 136.5, 134.5, 129.6, 123.5, 
121.5, 118.1, 117.1, 80.5, 28.3 
HRMS (ESI) calcd for C16H18O2N2Na [M + Na]+ 293.1260, found 293.1252. 
4-(Pyridin-3’-yl)benzonitrile (Table 5, 4j)30) 
98% as a white solid; m.p. 96-97 °C 
1H NMR (400 MHz, CDCl3) δ: 8.87 (d, J = 2.0 Hz, 1H), 8.70-8.67 (m, 1H), 7.93-7.89 (m, 1H), 
7.79 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.5 Hz, 2H), 7.47-7.42 (m, 1H); 13C NMR (100 MHz, 
CDCl3) δ: 149.7, 148.1, 142.2, 134.6, 134.4, 132.8, 127.7, 123.7, 118.4, 111.8 
MS (EI) m/z 180 [M]+. 
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4-(4-Methoxyphenyl)pyridine (Table 5, 4k)32) 
76% as a white solid; m.p. 95-96 °C 
1H NMR (400 MHz, CDCl3) δ: 8.62 (d, J = 5.9 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 
5.9 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 160.5, 
150.1, 147.7, 130.3, 128.1, 121.0, 114.5, 55.3 
MS (EI) m/z 185 [M]+. 
4-(4-Methylphenyl)pyridine (Table 5, 4l)33) 
92% as a white solid; m.p. 88-89 °C 
1H NMR (400 MHz, CDCl3) δ: 8.65 (d, J = 6.1 Hz, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.50 (d, J = 
6.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 150.1, 
148.2, 139.2, 135.2, 129.8, 126.8, 121.4, 21.2 
MS (EI) m/z 169 [M]+. 
4-(4-Cyanophenyl)pyridine (Table 5, 4m)31) 
63% as a white solid; m.p. 81-82 °C 
1H NMR (400 MHz, CDCl3) δ: 8.74 (d, J = 6.3 Hz, 2H), 7.80 (d, J = 8.7 Hz, 2H), 7.74 (d, J = 
8.7 Hz, 2H), 7.51 (d, J = 6.3 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ: 150.6, 146.3, 142.6, 
132.9, 127.7, 121.6, 118.3, 112.8 
MS (EI) m/z 180 [M]+. 
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